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| Me arsente produced by « deuteron dosbarinent of 
germanium has been studied to determine the nuclides 

__ Present in the mixture, Identification of isotopes vas 
“nade by comparing measured values of half life and maxi- 
mum § energy with the accepted values. Yield values were 
deternined for each isotope present by 4x solid angle 
counter measurements. | 

_ Counting rates were measured for » period of 53 days 
with 47 and coincidence counters, obtaining half lives 
Which indicated that the nuclidie mixture was made up of 
as™, as™®, as7?, as™, ana as’?, These indications vere 
confirmed by maximum § energy values obtained by absorption 
méasurements and from y energies found using « y-ray 
seintillation spectrometer. Measurements indicated that 
the 40 hour half life reported gor as”” is in error by « 
significant amount, and that no as’® was obtained by this 
bombardment. 

The 47 solid angle counter constructed wes shown to 
have an efficiency ef very nearly 100 percent for particles 
which escape the source. This counter has proven to be a 
very practical laboratory instrument and detailed instruc- 
tions for its use are ineluded as an appendix. 
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The following is a tabular summary of the results 
of the investigation: 


netnos nna 
y 
Asotove of decay Gere he (ue/uampehr) 
as™ "i 0.66 46.2 + 1.2 hrs. 7.8 
as” a* 3.25 
25.8 + 0.2 hrs. 64.9 
7 0.85 | 
as BOUT 0.08 68.0 O28 anys 1.1 
aa’ ’ 3” - : : 
0.99, 1.49 17.82 4 0.13 days 5.2 
asté Not present in the mixture 
ast? s~ £0.79 >70 hours 68 < yiela < 1500 


@ The thick target yield values specified apply 4f the deuteron 
beam current was exsetly 36 pemps and if the arsenic separetion 
efficiency ves 100 percent. Yield values quoted are based on 6 
counting only and do not inelude orbitel electron capture. 


## Based on ratios of total 8 to §* counting retes. 
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Arsenic y-rey energy spectrum for 56 hours after 


bombardment , ee * . * ‘¢@ foes . ee *- - @€ 
Arsenic yeray energy spectrum Sf days sfter 
bombardment ' a . . > ee ot *-* Se | ee *- * 
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“Phe feet thet tumors of the brain take up e 
large amount of trace notal compared with that taken” 
tp by nore net brein tiosue makes {t possible to detect 
a notoatly determine the location of tundts in 

human brain. Under the supervision of Dr. Gordon 
Pads", aes at the Research Laboratory of the 
Mansnedusotts General Hospital hes developed « suitable 

cer ser technique for the diagnosis and preoperative 
location of brain tumors, using positron enitting 
isotopes. After intravenous injection of the tracer 
material, the patient's heed is mechanically seanned 
in tvo dimensions by two seintilietion counters con- 
nected in coincidence, Third dimensional location is 
obtained frou the unbalanced single ebonael a 
rates of the ‘separete counters. eee 

Bince January 1953 a lerge number of patients have 
been examined using this technique. The results are 


evan stuettag to tadsin eptel s C40S yrewnal oorte 


@utetending, From many cases clinically disgnosed 
es borderline, the presence or ebsence of neoplastic 
brain tissue hae been determined by this method. In 
#ll cases where surgery was performed, tumor location 
ebteined by this teeanique has deen confirmed. As yet 
no known incorrect diagnoses have been made, In 
addition to providing more quantitetive information 
than is available from elinical diagnosis, this netnod 
provides the left-to-right localization which is dirfi- 
cult anc often impossidle te obtain elinieally, — 
_ Radiosetive arsenic was selected as the tracer 
metal because of several considerations, Arsenic is 
readily aveilable from a deuteron bombardment of gere 
manium. The half lives of arsenic isotopes fell 
within an sceeptable range for trager utiiivation, 
Most of the yerays emitted from arsenic isotopes are 
soit, thus decreasing naraful biologicel effects due 
te radiation, A very important advantage is that « 
lerge percentage of arsenic activity consists of posi- 
tren emission, Precision measurements with very high 
resolution may be made on the resulting ennihilation 
The tracer arsenic is not injected until several 
days after bombardment. During this period any shert- 
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lived activity present decays to a negligible 
value compered with that of the 17.5 day isotope 
and does not affect the scanning measurements whieh 
require e period of approximately two hours. If the 
ball lives and the relative eetivity percentages of 

the short-lived isotopes vere accurately known, this 
waiting period gould be degreased oF even elininated 
with e resultent increase in useful ectivity obtained 
from a given bonbardnent. 

(so Mhe purpose of the present investigation is te 
determine insofar os possible the metheds of decay | 
and associated decay energies, half lives, absolute 
activities, and isotopic yields of the ersenic obtained 
by ‘the deuterof bombardment of germanium. In addition 
to decreasing the delay between bombardment and injection, 
this information may peragt the use of short-lived 
isotopes as tracers, In effect this also decreases 

the bombardment time required to obtain a given emount 
of tracer material. It may be desirable to examine a 
single patient several times over # period of s few 
weeks. Accurate knowledge of the short-lived activity 
present may permit frequent injections ef « lesser 
anount of tracer solution while avoiding haraful effects 
from the chemical toxicity of carrier arsenic present. 
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B. Results of Previous Investigations 


"prior to Sagane's investigations in 1938) very 
Little was known about the radionuclides of arsenic, 
The prineipal results of hisiwork on the argeni¢e pro- 
duced by a deuteron bombardment of germanium, as 
modified by others, are tabulated below and include 
ell data reported through 1941. 


as™ fo) 50 hour 2, 4 
3 + 
As 8 0.6 86 min a 4 
as’ s* 0.9 16 day 1, 4 
as™® a~ ey 
: 1.7 $ 
2.7 
26.8 hour 3, 5, 6 
y 1.5 
2.2 
5.2 
as’? 9° 55-90 day 1, 2, 4 
; 7 
as™® ’ 087 66 min ? 


Very little mew information was published for several 
years but commencing in 1946 results were published which 
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and the vars nos? the spectrum vith o4me, 
as’4 B7 69, 1436 
s* 0.92, 1.53 
s*/8* ~ 1.0% aw 6h 
y 0.593 
as™® s*/a" < 0.07% 
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II. BUCLEAR PROPERTIES TO BE MEASURED 


Time and equipment limitations prohibited conducting 
an investigation whieh could determine actual decay 
schemes of the active material. With « desire to 
extract as much information as possible in the time 
available, attempts were made to determine the following 
fer each isotope of arsenic obtained from the bombard- 

1. Absolute 6 sctivity. 

Qe Half life. 

' Be Maximum 6 energies. 

In addition it was desireable to obtain information 
regarding the y-energies of the mixture of isotopes 
and the variation of the spectrum with time. 
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de Preparation of Radioactive Arsenic | 


‘A ehip of pure germanium metal 1/32 inch thick | 

with dimensions 3/& inch by 1 inch was used as a 

| target in the M.I.7T. ecyelotron, This ehip was 
bombarded with 15 Mev deuterons fer a period of 20 

_ Minutes with an average beam current of 36 pamps. — 
‘9 after bombardment the germanium metal was oxidized 
to GeCl, in an evacuated system using gaseous Cl,. 
(‘To this was edded HCl, H.0., and arsenic carrier after 
whieh the bulk of the GeCl, was distilled out. The 
arsenic remaining in the solution aa is*° was pre- 
eipitated as a metal by the addition of amonius 

_ hypephosphite. A detailed deseription of this 
separation procedure is contained in reference 9}, 


B. Sehedule of Observations | 


Continuous observations were made of the disinte- 
gration rate of the active material by use of the 49 
and coincidence counters. In an attempt to ascertain 
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vhether or not the arsenic contained eny positron 
emitting dootepes beving bals dives of the order of}... 
hour or leas ‘#2317)23)24', eoincidence counter measure- 
wents vere made as Zollows; each winute during the it 
third hour after bombardment, ovpry 6 wigptes Guring 

the. SoeKa Pours, CV GET 2° minutee Guring the S47 th hour, 
OF OTOET Ad teeter otha $0. a5) pee o. .Foerpet ter 
the anginy ig*ery=2, hetvoe= peppurements vad edivetes 
$e, approximately. 1/20td the value of the nels lire, .... 
Apraa* toe br.0.cpeRiT*eee F208. °F, oreating. Tete, eheerye= 


tions, oravieusly given. 
Due to the time required for preparation of 4r 


counter sources and the time involved in making absorption 
measurements with the end window 8 counter, observations 
with these instruments were made hourly from the 6th 
through the 17th hour efter bombardment, and thereafter 
in accordance with the schedule cutlined above. 

Using the sodium fodide scintillation spectrometer 
described in Appendix II an initial sean of the energy 
spectrum up to 3 Mev was made within three hours after 
bombardment in order to determine the maximum energy y- 
rays emitted from the arsenic, With no detectable y- 
energies present greater than 1 Mev, an operating range 
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was chosen which included all yeenergies up to approxi- 
gately 1.3 Nev. This energy range was scammed continually 
for the first 72 hours after bowbardwent (Pig. 1). The 
high energy range wes scanned at intervals during this 
period with negative results, An additional energy 
spestrus vas obtained 52 days after boaberdnent (Fig. 2) 
and og | before, ) high energy Yorays were detectable, 

Using the end window » counter, eounting rates were 
measured for absorder ew meer 0 of from zero to 2526 
c/n", Observations vere oe kn cocersenen, AiR. At... 
time sehedule previously sta ' 
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Figure 2 
y- RAY ENERGY SPECTRUM 
OF ARSENIC 


Produced by |5 Mev deuteron 
bombardment of Germanium 


Vertical scale j& that of Figure | 
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IV. METHODS USED IN INTERPRETATION OF DATA 


Ae Half Life 


| Observed counting rate, corrected for instrumental 
error, uas plotted on seuilog paper as # function of 
time. bpproxumtely 20 days after bombardment the 
curve obtained fron coincidence measurenents assumed 
a constant slope indicating the presence of a single 
isotope. Application of the method of least squares 
to date in the region of constant slope yielded « deter- 
mination of half life, zero time activity, and their 
respective standard deviations, Subtraction of values 
thus obtained from the curve of total counting rate 
resulted in a residual curve also possessing a constant 
final slope. Successive applicetion of this method pere 
mitted the resolution of 3 straight line components from 
the data obtained by coincidence counting (Fig. 3). 

The 47 counter data included a relatively long-lived 

component which was not apparent in coincidence measure- 
ments. Assusing this to be as? reported as a 0.05 Mev 
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negatron emitter of half life ~ 530 days, (19) one 47 
counter source wes covered with 13.7 ng/en® of aluminum 
foil (a thickness equivalent to ~ 3 times the range of 
a 0.05 Mev electron) commencing on the 4lst day after 
bombardment. ets obtained with this source plotted as 
@ streight line with a half life of 17.66 days. after 
subtraction of this 17.66 day activity frou the total 
counting rate surve the constant slope extreaity of the 
residual curve indieated a half Late of ~ as days. This 
procedure permitted early evaluation of data without 
waiting for the predominance of the 89 day component and 
the results are in good agreesent with the As” method 
of decay reported by mei, (29 Successive application of 
the method of least squares to the 47 counter esulted 
in the resolution of 4 straight line components 
Half life determinations were also made 
plots of counting rate vs time obtained using absorbers 
of specific thickuess with the end window § counter. The 
method of curve subtraction previously outlined was 
employed and a total of 3 straight line components vere 
resolved having half lives of £6 hours, 593 hours, and 16.7 


days. 
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B. Absolute § Activity 


Since the efficiency of the 47 counter for § counting 
is quite high (Appendix I), these data were used in the 
“déternination of absolute ) activities, The zero time 
activities obtained in applying the method of least 
“squares to half-life determination were corrected to the 
tine of completion of bombardment. These results can be 
rt specified in terms of yield if specific values of deuteron 
aa current and arsenic separation efficiency are assumed, 


C. Maximus § Energies 


2 These values were found from absorption curves obtained 

= by use of the end window § counter (Appendix 10), Fron 

: nee surements of maximum range made at various times the 
energy of the most energetic § was determined for both the 
#8 hour and the 17.5 day isotopes. The method 4s illus- 
trated in Pig. 5 which is applicable.to the 26 hour isotope. 

In addition, mass absorption coefficients were deter- 

nined from semilog plots ef counting rate vs absorber 
thiekness taken at various times, Using these values 
maximum 6 energies were determined for the 17.5 day and 
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Figure 5 


COUNTING RATE vs ABSORBER THICKNESS 
data of 8 March 1953 
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the 59 hour isotopes (Figs. 6, 7). The value obtained 
by this method for the 17.5 day isotope agrees with that 
found by the maximum range measurement stated above, The 
curve obteined for the 26 hour isotope (Pig. 8) was con- 
cave toward the origin and could mot be treated by this 
method. 4 deteiled discussion of the method and theory 
involved is contsined in Chaptér I of referetics pp, 
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Figure 6 


COUNTING RATE vs ABSORBER THICKNESS 
data of 23 March 1953 


e Observed Counting Rote 

x Observed Counting Rote corrected for 
y-ray background 

o Residual ofter subtraction of higher 
energy component 


Curve A half thickness «55 mg/cm? ~ 149 Mev 
Curve B «half thickness « 32mg/cm? ~ 99 Mev 


Gommo - Roy bockground level 


800 1200 1600 
ABSORBER THICKNESS - mg/cm? 


» z 


iJ 
egg aia 
f l 


Binjtg ae ae 
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Figure 7 


COUNTING RATE vs ABSORBER THICKNESS 
data of I4 March 1953 


Observed Counting Rate 
Corrected for y-ray background 


Residuol ofter subtracting corrected 
curve of Figure 6 

Residual ofter subtracting corrected 
curve of Figure 8 


Curve C «half thickness « 20mg/cm? ~.69 Mev 
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COUNTING RATE vs ABSORBER THICKNESS 
data of 8 March 1953 


Observed Counting Rote 

Corrected Observed Counting Rote 
of Figure 6 

Observed Counting Rote ofter sub- 
traction of y-ray bockground 

Curve x ofter subtraction of Curve 
C of Figure 7 
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Ve. RESULTS 


” ne The 2 Longest-Lived isotope prevent in the mixture 
vas detected by only: the 4r counter. The half life wes 
determined to be 86,9 $ 8. days and by the filtering 
method deseribed in Section IV A, the maximum § energy 
was found to be 0.11 Mev > B,, > 0,02 Mev. Sinee this 
isotope was not detested with the coincidence counter it 
is essumed to be a pure negetron enitter. This nuclide 
Levbelievec to de As” cue to the close agreenent with 
the reported characteristics of that Leotope(lt) 

24 With any coineidence, and end vindow counters « 
neat life of approximately 17.5 days was resolved. Two 
p energies of this nuclide vere determined by absorption 
measurenents to be 0.99 Mey and 1449 Mov, The close — 
egreenent of these results with those previously reported(®, 11,19) 
peen to Justify the assumption that this isotope is ss”, 

3» End window 6 counter measurements using en ebsorber 
thickness of #84 ng/em® indicated that no isotopes were 
present haying § energies > 0.7 Mev and half lives in the 
renge 16.7 days » Tie > 26 hours. Using lesser amounts 
of absorber & half life of approximately 59 hours was 
resolved. The only other half lives found te have this 
approximate value were 70.1 + 2.8 hours from 4 counter 
data and 40s8 + 12 hours from coincidence measurements. 
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“Phe Latter value combined vite the energy limitation 
‘previously specified justifies saentiticitich” of this 


isotdpe os ke, GQOpIRAD” Ge danger hhit Lire values 


“obtiihed from 47 ‘and end Window counter nes surements 


indicate, that there is also present « negatron enitter 


avis a longer then 70 hours with energy <0.7 


Mev. The 70 hour half life determined from 4vy counter 


_,Weasurenents is believed due to a mixture of as” and 
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As’” assuming that the single reported value for the half 


—* of the Latter “% is in error. _ Tate apparent djs- 


adieu tn vestte tenets Haast 


“ @» /Prom data of the 47 and.end window § counters 


& component of half life 25.8 + 0.2 hours with « maximum 


"8 energy of 3025 Mey was determined, A yeray energy of 


(0685 Nev with half aac sopra tny 29 hours vas found 
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‘values (Po12)19) + identity this. isotope as aa This 
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Be. There was no indication of the presence of the 
52 minute as”? isotope \® in the mixture. In addition, 
since no yeray energies > 0.85 Mev were resolved it was 
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apparent thet the 27.6 hour As’® isotope having two 
reported y energies > 1 wey'1*s 18) was not present. 

6. Tabular summary of characteristics of the 
mixture of radionuclides determined by this investigation. 


“a a | target 
thod r yiela® 
as” " a* 0.66 48.2 z 1.2 hrs. 7.6 

as™® s* 3.25 
v 0.85 
as”? S~ Oe12>E,70-02 68.0 + 9.2 cays 12 
as™ a* 
0.99, 1649 17-62 ¢ 0413 days 5.2 
° —_—- 
as? Not present in the mixture 
as? nin. tn KO >70 hours 5 < yiela< 25*® 


* The thick target yield values specified apply if the deuteron 
beam current was exactly 36 pamps end if the arsenic separetion 
efficiency vas 100 percent. Yield values quoted ere based on § 
counting only and do not include orbital eleetron capture. 


** Besed on ratios of total 6 to s* counting rates. 
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«She 47 solid angle counter wee designed as « 
edkvensent Isberatory Sastranet te be weed for the 
@beclute standardization of § enitters. A photo 


‘grephie view of the disassenbled counter, Pig. 1, 


illustrates the important features of construction 
and source mounting. Detailed speetficstions ere 
given in Pigs. 2 and 3. 

The sensitive volume ef tho eountar is geonetri- 


cally similar te thet of Caswett™? ans of Borkoussa ™, 


The counter wes designed ané operated as a flav 
counter using = Wotane gas rather then as a fill 
counter due to the feet that the former is more steble 
with far better reproduetbaiity ™ , Sinee the sounter 
suet be opened eneh tine a soures is changed, use es a 
flew counter which eliminates the necessity for « 
vacums seal greatly simplifies the eperating procedure 
as compared with thet of a fill-trpe counter. The O- 
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Ae Description of the Counter 


The 49 solid angle counter was designed as a 
convenient laboratory instrument to be used for the 
absolute standardization of 6 emitters. A photo- 
graphic view of the disassembled counter, Pig. 1, 
illustrates the important features of construction 
and source mounting. Detailed specifications are 
given in Figs. 2 and 3. 

The sensitive volume of the counter is geometri- 
eally similar to thet of Caswel1™) ana of Borkowski ‘*), 
The counter was designed and operated as a flow 
counter using nm butane gas rather than as a fill 
counter due to the fact that the former is more stable 
with far better reproducibility), since the counter 
must be opened each time a source is changed, use as a 
flew counter which eliminates the necessity for a 
vacuum seal greatly simplifies the operating procedure 
as compared with that of a fill-type counter. The 0- 
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Pigs le 


Photegraph of disassembled counter. 


The upper view shows the source ring in place 
with the top half ef the counter removed. The 
active source is the dark circular ares in the 
center of the thin film which appears as a 
light area in the center of the source ring. 


The bettom view shows the completely dis~ 
assembled eounter. The retaining ring for 
nelding the source ring in place is shown 
with the removable handling pins in place. 
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ring seal is used to reduce leakage of flow gas to an 
absolute minimum. 

Squeeze-fitted Teflon plugs are used instead of 
Kovar glass for counter case-to-guard ring and guard 
ring-to-center wire indulation, with all insulator 
surface leakage paths designed for approximately 5000 
volts. This feature is for convenience in assembly, 
cleaning of the sensitive volume, and bes minimize the 
possibility of breakage in han@ling. 

“The 1/4 ineh thick counter ease is machined from 5 
ineh brass stock, all sleeve entries to the case being 
silver-soldered and the entire assembly nickel-plated 
to facilitate cleaning. Center wires of 1 mil tungsten 
are aligned by 20 gauge hypodermic needle stock to which 
they are soldered at the extremities, Center wires are 
guard-ringed with the guard rings at the same high 
positive potential as the center wires. The tripod 
legs supporting the counter fit into insulating stands 
made of Grilled polystyrene rod stock. A grounded brass 
shielding box contains the entire counter assembly and 
minimizes externally-caused electromagnetic interference. 
Electrical connections within the box are nade with 
rubber-covered wire insulated for 5000 volts. All 
electronic connections to the shielding box are made 
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pl one cable and associated fittings. A Uetube 
ot1-filled bubbler external te the shielding box maintains 
gas pressure within the ‘counter slightly above atnos= 
pherie ond ‘avoids chenges in ees concentretion, 
Three mil shim steel stock* provides . sturdy 
source mounting ring. ‘The steel is first eut into 3 
inch squares and a 6/8 inch hole is punched in the 
center of these squares. The 2 3/4 inch outer diameter 
Se then obtained by use of & jig end erdinazy paper 
shears.” Thé prepared source ring is held in place in 
any Seen by wee of & SrkdS bunts sing (similer to e 
piston ring). 
ai To retein sone of the pulse liniting properties 
of ‘the conventional Geiger counter while eliminating 
many of its objectionable features, ‘the ay counter is 
operates in the region of limited proportionality. (4, 5) 
The ‘counter is operated at a vell regulated 4300 volts 
with the eathode 2600 volts belov ground and center | 
vires and guard rings 1800 volts above ground to mini- 
mize corons and "spurty® noise effects. This aperating 
point is approximately 500 volts above the Deginning 
of # counting rate plateau which is better than 0.6 _ 
percent per 100 volts. The center wire output is fed 


* Obteinable from Ward Eteel Cos, Arlington, Mass. 
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to a Model 100 amplifier through a cathode follower 
preamplifier (Atomic Instrument Co. Model 204-3) with 
the amplifier output driving an M.I.T. Model 400-2 
decade scaler. The counter with associated electronic 
equipment conneeted for normal operation is illustrated 
in Figs 4. 


B. Applicability to Absolute 8 Counting 


If a counter is built which collects particles 
emitted from a source in el] directions, it has many 
advantages for measurement of absolute activity. First, 
since all particles emitted from the source are counted, 
a direct measurement of the § disintegration rate is 
made without the need for precise knowledge of the solid 
angle with its accompanying scattering problems. Also, 
since the "efficiency for § particles" is now 100 percent, 
much smaller and thinner sources may be prepered thus 
redueing the self-sbeorption considerations, ‘° 

In the 47 counter, any 8 particle which produces 
an ion pair outside the source and source mounting will 
be counted unless this ion pair is formed in ea region of 
low enough intensity that recombination oceurs prior to 
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Fig. ae 


Photegracvh of counter with electronic equipe 
ment connected for normal operation. 


The insulating polystyrene mounts are visible 
within the brass shielding box and the oil- 

filled bubbler ig shown on the outside lower 
left corner. 
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rm “The preparation of « thin soures is the most difficult 
problem involved in the preetiesl use of the 4¢ sounter, 
It As egsontial that the source be quite thin and uni. 


form for any isotope emitting soft p particles, The 
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chemistry involved in preparing uniform thin sources 
varies with the element involved. When e sample is 
simply allowed to dry, the active material has a 
tendency to crystallize out as one or more large 
particles or to dry in a thick ring of swall crystals 
around the edge of the drop, Use of an infrared lamp 
 epeeds evaporation and reduces the tendency to "cluster" 
in every case attempted. It has been empirically 
determined that counting losses due to self-absorption 
cen be neglected if the maximus solid content of the 
source is < 5& pen for § energies > 0.6 Mev, but for 

8 energies < 0.4 Mev solid content of the source should 
not exceed 0,1 pgm, These approximate values are based 
on & total pipetted source volume of 0,065 wl, Within 
the specified limits, self-absorption losses are negli- 
gible compared to losses in the conductive layer on the 
source mounting fila, Gelf-absorption can never be 
entirely eliminated by continued reduction of total 
solids since there is s finite particle size which the 
material gust assume upon precipitation, It has been 
shown that beloy « certain very small concentration, e 
decrease in solids does not increase the observed counting 
rate. Also, a slight increase in solids above this value 
does not decrease the observed counting rate of & source?) 
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- 2 Preparation of Source Mounting Filn 
arice “4 
enten b onluaten, made by 44 ssolving 5 grams of stick 
parlodion? in 65 mi of amyl acetate ves found to pro= 
duge the most urable very thin uniform films. A 
period of about two weeks, with frequent agitation, 
is required for the formation of the solution, 
cone eee films are made by dropping an appropriate 
amount of the above solution on a clean surface of 
distilled water. The water used should first be boiled 
to eliminate dissolved gases and an indicator such as 
phenolphthalein should be added in order to check pH. 
Water which is even slightly acidic seems to decrease 
the physical strength and life of the film produced. 
A room should be chosen which is as dust- and draft-free 
as, possible end a strong light is essential for in- 
specting the films aud the water surface. 
The simplest and most expeditious method is as 
follows: | 
1. Fill an &10 inch diameter culture dish to 
overflowing with the water prepared as indicated above. 
2. Express two drops of parlodion solution on 


the clean water surface and observe the color display 


under a strong white light as the film spreads. 


* Obtainable from Central Selentific Co., N. Y¥. 
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3. When maximum coler displey is evident near 
tiie edges of the film, drop the prepared souree ring 
horizontally from a height of ebout 1/2 ineh onto the 
center of the floating parlodion film. 
| @y Wolding one edge of the floating souree ring 
and attached film, trim ewey the excess film with a 
very sharp knife. The ring is then slid from the 
surface of the water at & small angle to evoid surface 
tension film breakage and may be pleced vertically in 
a drying reek. 

5. Film thickness may be determined by observation 
of reflected deter unter Wite Light af cenparicen 
with eveilable curves which read direetly in ugn/en* 
(Fig. 5). For more securate determination, the a thick- 
ness gauge may be used. This consists of » collineted 
source of polonium fastened to « movable micrometer jew 
which is mounted vertically above a thin window Geiger 
counter, A sero réading of the end of the « particle 
riénge is made, after which the film is placed over the 
counter visiow and the meapubénentes repeateds The 
distance between the two curves so obtained gives the 
absorption of the film in ¢irenm, vhich ean be trans~ 
lated directly into wg /om™, The gauge is capable of 
measuring thi¢tknesses as small as 1 ne/em™ with less 
than 10 pereent error. 
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EB. Condveting Layer for Source Mounting Film 


Tor absolute measurements, it is essential that 
the collecting field within the counter not be distorted 
by the dielectrie-covered hole in the source ring. A 
thin conducting metallic layer which covers the entire 
souree support may be evaporated from « heated tungsten 
filament, the evaporation being performed in a vecuum 
of approximetely 1 micron. To insure electrical con- 
tact with the counter case, the layer should be deposited 
on the side of the souree ring opposite thet to which 
the parlodion film adheres. The epparetus used for 
metallic eveporation is illustrated in Pig. 6 where 
the method of supporting the source ring described 
below is clearly visible. Since the greatest danger 
of film breakage occurs in the metallic evaporation 
process, this operation should be performed prior te 
pipetting the active source material. 

Por source solutions which do not contain hydro- 
chlorie scid, alwainum produces a suitable conducting 
layer and the following procedure is recommended. 

le Place the prepared source ring horizontally 
atop a length of 50 mz: diameter gless or pyrex tubing 
which encloses the prepared tungsten filament. The 
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Fig. 6. Photograph of apparatus used in metallic 
evaporation. 


The source ring lying on top of the eylindrical } 
glase tubing under the bell jar is in proper 
position for aluminum evaporation. Tubing which 


carries cooling water for the filament electrodes 


is visible to the left of the bell jar. 


ee a 


souree ring should be approxizetely 7 em above the 
filament for « vaewm of 1 us 

-B. When « vacuum of 1 » is reached, slowly 
inerease filement current until the aluminum begins 
to evaporate from the filament. Observe the climb 
of deposited aluminum on the glass tube and when it 
reaches the top of the tubs, shut off filement current. 
This procedure results in uniform conducting layers of 
from approximately 10 to 15 ue/en* in thickness. 

The hydrochloric acid in many source solutions 
will interact with the aluminum surface of the source 
mounting and frequently eauses a decrease in counting 
efficiency, In such oxsos # thin layer (15-20 yg/en”) 
of gold produces a suitable conducting surfsce. A 
standard microscope slide placed at the same vertical 
distance above the evaporating filament as the source 
mounting film and costed simultaneously with the source 
film provides a measurement of the thickness of gold. 
A resistance across the length of the slide measuring 
between 50 end 200 megohus indicates a thickness of 
cola between 15 and 20 ue/en*, ) 

For the measurement of isotopes having 5 energies 
greater than 1 Mev, aluminum foil of 0.1 mil thickness*® 


* Obtainable from Frank UH. Caffin snd Son, P2 Film St., 
Hyde Park, Mass, 
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may be used instead of the evaporated metallic layer 
with no detectable counting loss, 4 fine mist of 
ietilied vater 1s deposited on the prepered source 
ring by use of an ordinary bulb type atomizer, The 
Ooi mil foil is then laid over the moistened source 
Fing, carefully brushed flat with « fine camel's — 
If the sbove is carefully performed the foi] is then 
inseperable from the source ring and parlodion film, 

_ No conducting layer need be applied to the source 
mounting if a high degree of sccurecy is not required, 
Elimination of the metallic leyer results in counting 
Losses of from approximately 1 percent to > percent 
depending on the maximum § energy of the isotope used. 
For example, the observed counting rate from several 
nonweondueting P2? sources increased by 2 ¢ 0.5 percent 
with the addition of either foil or evsporated aluminum 
conducting coatings. 


F. Preperation and Precipitation of Source Material 


1, Znotopes emitting § particles of % x6 Ue. 
The best method found so far consists of adding 
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small amount of Sentonité, a colloids! wud, to the 
pipetted drops of source solution, The source ions 
are adsorbed on the Bentonite vaich dries ine fairly 
univorm layér of fite particles, Microscopic obser- 
Welle Sf Sebbess'pripated Hd Gigs" Aibbie Fila « 
poe Palla ghee} oy nihorn ol 
ices, 0.1 ag/en” for meterisl of density 1. 

elds trrbead ales Gaislad'te Wiekt*Wraiag™ 
Allowing the source to dry, an infPared lamp is used 
to decrease evaporation tine. 

Using the highest specific activity source materia 
available to minimize source solid edntent, » solution 
of from 1 to 108 pe/al is prepared. ‘This yields ap- 
proximate counting Pates from 55 * 10° to 62.5% 10? 
dpm per #64 of active material. Since the resolving 
| tine of the counter is apprexinately 20 nsec, this 
range of activities limits ‘veseiving ‘time Lassen hed 

<e percent. 7 

“In solutions of szsdaties ep vain « specific activity, 
considerable losses may be caused by adsorption of the 
active constituents on the wells of containing vessels 
and pipettes used in noasurénent, ‘*) this effect 
results in a decrease of activity in solution, “especially 
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for ‘earriar-tree materials. This ‘less of netivity mey 
be redused by the ncdition of incetive isotopes of the 
sane chentce! form es corriers prior to preparstion of 
the. source ‘polation, Por exemple, eB “gmail cucntity of 
KH,PO, te used With solutions 6f carrter-free p>” ana 
KI ie teed With ¢errter-tree 2292, ° one ness of éerrier 
which may be addéd is deternined by the permiosibie 
solid ¢ontent of the solution but a desirehle ratio to 
make sdsorption negligible is approximately 10° inactive 
atoms per active atoms 

The pl of the eetive solution is mainteined so as 
to keep the setive stoms in solution, For some isotopes 
the sGlution should be acidie while others require « 
baste solution. A general rule which has few exceptions 
in to prepare an seidic solution if the active atom is 


in the estion and « basic solution 4f it is in the enion, (® 


In ell selutions, any substance added to adjust the pH 
must be soluble wher combined with the active material 
in order to prevent precipitetion. 


The following proeedure is recommended for the sctual 


source prepare tion: 

a. Express 252 (0.025 ml) of active solution . 
on the center of the 5/8 inch diameter metallic coated 
parledion file, The micropipette should ve rinsed twice 
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onto the source ring in order to remove all active 
material from the pipette. It has been experimentally 
determined thet the following percentages of active 
materiel ere contained in rinses of the pipette: °° © 


lst rinse — 3 pereent of initial contents 
Qnd rinse <= 1 percent of initial contents 
3r@ rinse -- 0.5 of initial contents 


Mieropipettes? used in souree ston mask be 
calibrated with mercury tinge dersations vs l percent 
from labeled volume are/not _§ TO VACUUM PUMP 


b. If severed courees to be prepared at 
@ time, the vecuum trap arrengenent ee scant in 
Pig. 7 ie indispenseble. after eneh source (consisting 
so elamagenliny sedacatens onal dena. 

the pipette must be thoroughly elesned and cried pricr 

to prepering the next soureé, Using the vacuum trap 
errangenant the ripette oun be cleaned with ap. tn¢0b439 
cerrier solution followed by, flushing with pure distilled 
the pipette, Whe total ehavetion of eheening ont devine 
requires less then 3 sinutes with this apparetus. 

©. Express 104 of Bentonite solution (approxi- 
mately 25 mg Bentonite/nl #,0) into the drop ef source 


* Obtainable from Radiation Counter Lab., 1824 VW. 2lst 
St., Chicago, lll. 
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TO MICRO -PIPETTE 


TO VACUUM PUMP 


VACUUM TRAP ARRANGEMENT FOR 
CLEANING AND DRYING PIPETTES 


Figure 7 
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solution previously formé@s = = 

oilv> 9 @e Thoroughly disperse the Bentonite in the 
source solution using en air jet produced from an eye-~ 
‘dropper which has been flame-drawn *o a fine capillary 
points | A strong light facilitates visual observation 
of the mixing which is complete when the entire drop 

‘takes on e cloudy appearance, oY 

> «|e She prepered souree is then dried under « 
heat lamp. 

Be Lsotopes euditing & particles of < 0.4 Mev. 
Ia erder to minimise self-absorption losses 
im the measurement of soft ? particles extreme care must 
be taken in preparation of the thin source, es ccially 
af the isotope solution is « chloride which tends to 
form large crystals on precipitation. The following 
procedure, applicable to preparation of co™ sources, 
is cited a6 an examples ©) - 

a, Using Co” of nigh activity (approximately 
1 curhe/gram),y dilute to proper operating range using 
redistilled HCl, ‘The solid content of ordinary HCl 
often exceeds the solid content of the source material. 
The carrier concentration should be of the order of 5 
mg of Co€l,/liter giving a total solid content in a 25) 
aliquot of 0.075 ug. 
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practice the difference between sources due to all 
errors involved in preperstion may be maintained at 
<1 percent. 

®. Counting procedure. 

Background counts are taken before (and after 
if necessary) each rum by inserting « plein shim steel 
dise in place of the source, Two comparison tests are 
made on oll measurements made vith the 47 counter, 
First, with counter voltage fixed at 4300 volts, inte- 
gral discriminator curves are plotted for gain settings 
of 10:1, 9:1, and 8:1, The latter two settings exch 
decrease electronic gain by a factor of approximately 2 
(Figs. 6 and 9). Secondly, with electronic gain held 
constant at 10:1, integral discriminator curves are 
plotted for counter voltages of 3900, 4100, and 4300 
volts (Figs. 10 and 11). If in both cases the discrimi- 
mater curves are fiat over 0 éiserininater rengh of > 
10 volts (Fig. 12), we can assume that ell § particles 
enitted into the sensitive volume are being counted. 
Pigures 9 and 1] which are typical of Co™ clearly indi- 
cate the high percentage of colleetion and may be com- 
pared with Figs, @ and 10 which are typical of P?*, 

The method of extrapolation to determine the true 
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G@isintegration rate is indicated on #11 eurves. A 
further eneek to verify proper operation is a statistical 
anslysis of the counting rates for points on the dis- 
crimineator platean. The mean value thus obtained should 
agree with the extrapolated true counting rete. 

Onee the voltege range of the discriminator plateau 
has been determined for 2 given isotope the counting 
procedure is simplified. Tne diseriminetor may then be 
set at the midpoint of the voltage plateau an¢ with 
counter voltage set at 4500 volts and an electronic gain 
of 1031, « series of runs is made, A statistics) analysis 
or these runs is then made to insure that the counter is 
operating properly and the observed counting rete is 
determined by the wean value thus obtained. 

An electronic gain of 10:1 is chosen as the normal 
operating point. At this value the lergest pulses in 
the counter just overdrive the Model 100 amplifier without 
Causing counting losses, and the smallest pulses are 
Joprepangiiprersp amen dnepaipeliggtteg atrart tite 
useful discrininator range. 

3. Gerreetion ke observed gounting rate. 
The sverage background is subtracted from the 
mean value of the measured counting rate, to yield B,, 
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the observed counting rate. For counting rates < 60,000 
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The percentage difference im Bay 9nd Bay should be ©) 
guite close to the true correction cor sbsorption due. 


to the mounting file. | 


A slightly more aGéurate determination of absorption 


im the mounting fiin'’) 19 quoted below for completeness. 
"Experiments have been to determine the 
snount of absefption, if any, to the film betveen 
the souree and the lover half of the 47 counter. ‘The 
itmber of particles counted by the top halr of the 
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where li, is tae true disintegretion rate of the souree, 
By 18 the percentage backseattering fron the file, is 
the froetiondlabeorptiel in the filn, tnd BL(b) is the 
percentage backseettering due to the walls in the »ttom 
half, The nude? of particles counted by the vottom 
half connected sepagetely will be : 
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"From symmetry considerations B,(t) = 5,(b) = By. 
"The factor By can be neglected when the film is 
thin and of low atomic number, so that (1) becomes 


ig, = FUER, - TB: (3) 
In the bottom half, agein essuming By = 0, one obtains 
Rotten *FLG.- 7) +3) (a) 

Putting this in the fort ¥ ® ax #"> gives 
a © So T+ Fa + B+ | (s) 
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The absolute counting rate is then obtained by sub- 
stituting (8) inte — jy Ot 


x, = yop. (10) 
"Thus by taking three different resdings of the same 
source on a single filn it is possitle to determine the 
absorption by the film. This proves extremely useful 
for low energy § particles." , ) 

c. (orpections sor sell~abserviion auc beck- 
atabiering due ko Limite gource ihickussg. in generel 
half thickness for § absorption in souree material. 
Since the resultant self-absorption and backscattering 
corrections are small (usually < 1 percent), approxi- 
mate methods may be used to compute these corrections. 
The sverage source thickness is eonputed from the source 
ares end the known mass of material contsined therein. 

Seli-abserption may be estimated as follows: 
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ket © @ halt thieckuess for ) in scuree material 
X = average source thickness (in »g/cn”) 
then the true activity i, is related to the observed 
caida | 


n= EL Oa 
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aay + “ae (0.346)7/* fort. 


If desired, backscattering corrections may be 
approximated frou the results published by Zunvalt, ‘*) 
In these corrections it is assumed that when the source 
mounting material is very thin, the percentage of satu- 
ration beckseattering obtained is « function only of 
its thickness in terms of absorption half thickness. 
With this assumption, the Zumwelt data obtained for 
ont ~~ ng ~ yoa-thaplermeyernadte ify gamer 
relative half thicknesses involved. 

There is also a small loss for particles which 
travel transversely through the film and are absorbed 
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before emerging. 4n order of magnitude approximation 
of this loss ean be made by consideration of the solid 
angle within which particles will traverse one half- 
thickness of the film before emerging. for pe (assuming 
a helf thickness of about 100 mg/cm”) this gives, for 

@ uniform film 0,05 mg/em thiexs = 
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where § {) = the fraction of emergent particles which 
traverse a path 72 one half-thickness of the film, which 
is negligible, For softer % particles, this correction 
may be large enough to require Gonsideration, 


H. TIsportent Charseteristics of 47 Counter 


Counter voltage plateny: Ddegins at 3700 volts, 
slope < 0.8 percent per 100 volts. 
Settings for poral gueretiou: 
Counter voltege: 4300 volts 
Cathode: 9500 volts below ground, 600 volts 
supplied by batteries, 
Center wires and guard rings: 1800 volts above 
ground. 
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Bleetronie gain (odei 100 empiifier, Atomic 

Instrunent Co. preamplifier Model 2043): 
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APPENDIX II 


THE SCINTILLATION y-RAY SPECTROMETER 


The counter consists of a sodium iodide thallium 
activated crystal 4.3 em in diameter end 5 em long 
mounted on on RCA type SLM photomultiplier tube, The 
gain of the linear amplifier used is adjusted so thet 
the spectrum is always represented by voltage pulses of 
from 0 to 100 volts. A single channel differential 
pulse height enmnlyenr, = wo ee emplifier, drives 
@ precision counting rate meter of variable time constant 
and fulleseale sensitivity of from 200 to 20,000 counts 
per minute. The diseriminator bese line is varied con- 
tinuously from approximately © to 100 volts and s window 
of 2 volts is used for all observations. Calibration 
runs were made before and after obteining each set of 
Gata by use of yeemitters of known energy. 
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Counting procedures ““beehorx Bir vpem the thi¢kness 
ef absorber. ae vintov 8 counrkn nurber of 
eounte per 1 mimute interval was pogerded for at -esst 
three intervals. At lustercediats soutting rates, the 
preset count feebure of the senker wea uthlined ond the 
tine required for 19 B.- Bs +e y At vory 

Se Se “Decenipttan 6e nouonent Count of 4000 wae weel, 

She tube wea operated et the eid~point of ite 

vortagt i Steients*s. HOPt in deteraining 6 energies, 
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sliding trays for accurate positioning 

of source una absorber. 


c. Cerreetions of Ovserved Date 
B. Experimental Technique 


Other then correeting for sountes seus tivity 


jy, M$*) & source inserted on the lover tray under the 
Geiger tube counting rates vere regorded siansdpaidnebena 


B SPeerlab, Ine, 
thickness 2 mwg/em'. 

*# Tracerlab, Inc. Type BJA Calibrated Absorbers. 

#“*# Tracerlab, Inc. Model 5C-90 Shielded Manual Semple 
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Counting procedure varied depending upon the thiekness 
of absorber. At high counting rates, the number of 
counts per 1 minute interval was recorded for at least 
three intervals, At internediate counting retes, the 
preset count feature of the sealer ves utilized and the 
time required for 10,000 qounts was recorded, At very 
lov counting rates, « preset count of 4000 vas used. 

ma ‘The tube was operated at the Bid-point of its 
voltage plateau to insure maximum stability. In addition 
a set of five standardised 8 enitters of known energy 
was periodically counted thus enabling the correction of 
observed counting rates for any changes in instriment 
sensitivity. 
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C. Corrections of Observed Data 


Other than correeting for counter sensitivity 
fluctuations mentioned above, the only correction 
required was for resolving tine losses, These corrections 
vere made by adding to the observed counting rates the 
number of lost counts per minute (Fig. 2). 
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De Resolving Time Losses 


It as generally assumed that the resolving time of 
en instrument is constant for all counting rates end 
corrections are usually made for resolving time losses 
by means of equations derived on the basis of two 
general counter types; the paralyzable and the non- 
parelyzable. A detailed treatment of these two cases* 
results in the following equations: 5 


n = went? (paralyzable type) (1) 

“nh = H(1 + np) (non-paralyzable type) (2) 

At low counting rates both equation (1) and equation (2) 
reduce to 

Nw = n(l + np) (3) 
where BJ and n are respectively the true and observed 
counting rates and p is the resolving time. 

In this experiment it was considered necessary ot 
times to count at very high retes ( ~ 50,000 cpm) because 
of the possible presence of short-lived isotopes and the 
desire to obtain complete sets of absorption data as 
quickly as possible. It was obvious that the approximate 
equation (3) could not be used and it was also found that 
* Byvans, R. D.t Class Notes for Course 8.512, Chapter 30. 
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neither equations (1) nor (©) properly corrected the 
observed counting retes if o constant resolving time 
vas sssumed._ 

To obtain a useful relation between counting rate 
and resolving time loss, the response of the instrument 
to a series of standerd sources of know activity vas 
mensured end a plot made of observed vs expected counting 
rate (Pigs 1).# Two response curves ere shown, one for a 
@izeriminato® setting of 4, the other for s setting of 
6.** From the curve for a discriminator setting of 4, 
the setting used throughout the experiment, a plot of 
Lest counts per minute vs observed counting rate (Figs #) 
was prepared to facilitate correction of the observed 
data. 

To verify the aceuracy of this procedure, several 
sources were counted with discriminator settings of 4 
and 6. The following tabulation of the counting rates 
observed and the true counting rates computed from the 
applicable curve of Fig. 1, shows that the computed 
values agree vithin experimental error thus indicating 
that consistent corrections msy be made by this method. 
* Bvans, Re Dei Class Notes for Course 0,512, Chapter 

30, page 15. 
** Date of E. Samuels, Physics Research Laboratory, 
Massachusetts General Hospital, Boston, Mass. 
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Referring to Fig. 1, it is seen that neither response 
curve coincides with the theoretical curves of equations 
(1) ana (2). It is apparent that the number of lost 
counts is strongly dependent upon the discriminaton 
level, The results obtained may be explained by a 
consideration of the pulse height distribution as a 
function of counting rate.* This shows that as the 
counting rate is increased, wany small pulses are 
formed and some fraction of these pulses is lost because 
of the discrimination level and not because of the dead 
time of the tube. 


* McCall, R. Cot "Geiger-Muller Counters", M.1.T. 
Progress Report, 1953. 
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APPENDIX IV 
THE COINCIDENCE COUNTER 


A. Description 


This ecuipment consists of two thallium activated 
sodium iodide seintillation counters connected in 
coincidence with single channel end coincidence sealing 
cireuits driving mechanical registers. The crystals 
are 1.5 inches in diameter, 1 inch deep, and are mounted 
on RCA type 5819 photomultiplier tubes. 

The counters are contained in lead shielded heads 
along with their cathode follower type preamplifiers 
shown schematically in Fig. 1. The two heads are mounted 
on a mechanical seanning device such that the two opposing 
crystals are coexial and are separated by approximately 
27 om. A mounting bracket permits positioning of @ source 
equidistent from the erystal faces and colinear with their 
common axis, 

The coincidence cireuit is of conventional design* 
providing both single channel and coincidence outputs which 
* Dwg. No. Be-1547-A, file 6425, Leboratory for Nuclear 
Seience, M.I.T., 28 April 1950. 
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Tig. 1. Schematic diagram of scintillation counter. 


The loeation of components within the lead 
shielding head is as indicate. 


are fed through linear amplifiers* to separate scaling 
circuite**, The equipment assembled for normal use is 
tllustrated in Fig. &. 


B. Experimental Technique 


The equipment is operated so that the individual 
channels register approximately equal counting rates 
when a source is at the mid-point on the axis between 
the counter heads, 

Pigure 3 illustrates that counting rates are only 
slightly affeeted by small displacements of the source 
from its central position, To minimize errors caused by 
variation in counter sensitivity due to other causes, a 
standard ia source was counted prior to each measure- 
ment and the correction thus determined was applied to 
the observed counting rate, 

In all measurements the number of counts per 1 
minute interval was recorded, each observation including 
at least three intervals for single channel counts and 
six intervels for coincidence counts. At least 10,000 
events were ineluded in each observation to insure a 
maximum fraetional standard deviation of < 1 percent. 

* Atomic Instrument Co. Model 2045 Linear Amplifier. 
#*# Atomic Instrument Co. Model 1030 "Seale of 1000" Sealer, 
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Figs Ze 


Colinesidence counbver assembly. 


The equipment Ls shown as asseabled for use 
in seanning measurements at Massachusetts 
General Hospital. The seanning and plotting 
mechanisms are contained in the central 
section of the photograph. The opposing lead 
shielded counter heads are visible to the 
right of the plotting board. 


vT w © 
- OS = . 
zou ‘ae a. : 
3a 8 

Cm, = Paes 

. of « ax cL * 
OF. mi ., oma. 

‘ ve J. Pet Ar 
rebrehee Imete fife fore 
ee G Ml S< 3 Ome 2 Comm or 

mi. 1. = 
a3 et ee 
Bi) F uxt Ags 

= Cm ie | a. 
] eC © 

sh gs eS 
we cet ce oma: a 
2S Oy 3% Cll oF am a7 
2 _ <>; ' 
= is | 


(M2) BAILNZD HONS IONVASIA 
Se cseee.rtoete#?#8e?es8d 2s 6&6 


(WD) SIXV NOUS JONVLSIA 


= zr 


SiNNOD SONSCIONIOO-NOILNGINISIC ALIAILISN3S 


—— 


Fig. 3. 


Sensitivity distribution of coincidence 


counter. 


The isosensitivity curves about the axis 
illustrate the very slight sensitivity 
variation for smail source displacements from 
the central position. 
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Cc. Correction of Observed Counting Rates 


Coincidence counting rates were corrected by sub- 
tracting from the observed values the chance coincidence 
rate. Chance rate wes computed by means of the equation 

| Cy, = ® THM, 
“whore N,, M,, are the individual channel rates and T 4s 
the resolving time of the coineidence cireuit. By 
counting an essentially monocenergetic y-ray enitter 
positioned off the axis of the crystals, ° was computed 
to be approximately 0,36 pwsee by use of the above equation. 

Counter response appears to be linear for counting 
rates up to 140,000 cpm on single channels and 14,000 
cpm for coincidences (Fig. 4). Consequently no correetions 
were applied to the data for resolving time losses. 
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Figs 45 Coincidence eounter response curve. 


The linearity of eowumting rate ve source 
strength is evident for both single ehannel 
end coincidence counte. 
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